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WALTER FINKBEINER, MD, MELVIN M. SCHEINMAN, MD, FACC
San Francisco, California
The possibility of using electrical discharges to ablate
right free wall accessory pathways by delivering a series
of catheter shocks near the tricuspid anulus was assessed
in a canine model. Before the shock, the amplitudes of
the atrial and ventricular electrograms recorded from
the distal electrodes were compared (AN ratio), and the
atrial pacing threshold was determined. To assess effects
on function and arrhythmogenicity, right heart pres-
sures were measured and programmed ventricular stim-
ulation was performed before the shock and prior to
sacrifice 7 to 10 days after the shock.
Nine dogs received a total of 24 discharges at varying
energies (50 to 400 J). Nonsustained ventricular tachy-
cardia occurred with 13 shocks (62%) and transient
atrioventricular block with 9 shocks (43%). There was
no worsening in cardiac or valvular function as deter-
mined by right heart pressure measurements or right
ventriculography. Programmed ventricular stimulation
performed before the shocks and repeated before sac-
Surgical division of the accessory pathway has proved to
be effective in patients with ventricular preexcitation (I);
however, to avoid the risks and discomfort of an operative
procedure, closed chest, percutaneous techniques of inter-
rupting accessory pathways have recently been explored
(2-12). The technique of permanently altering cardiac con-
duction by delivering electrical discharges through an elec-
trode catheter was first used to produce block at the atrio-
ventricular (AV) junction (13-19), and has subsequently
been adapted to include the disruption of anomalous path-
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rifice failed to induce ventricular arrhythmias.
The endocardial lesion produced by the shock was
roughly circular and its area correlated with both the
magnitude of the shock as well as the atrial pacing
threshold. Transmural necrosis always occurred at the
anulus when the AN ratio was between 1.00 and 1.50
and preshock atrial pacing threshold suggested adequate
wall contact « 1.5 rnA). There was mild inflammation
of the adventitia of the right coronary artery near two
discharge sites (both 200 J) and inflammation of the
media near one discharge site (400 J); no intimal in-
volvement was seen. There was no evidence of tricuspid
regurgitation, right heart failure or inducible ventricular
arrhythmias before sacrifice of the animals. The location
of the lesions suggests that this technique may prove
adaptable to interrupting right free wall accessory path-
ways in humans.
(J Am Call Cardiol 1987;10:693-70l)
ways. Discharges within the coronary sinus have been sug-
gested to ablate left free wall pathways (5,6), but the po-
tential for rupture of the thin-walled coronary sinus limits
the usefulness of that approach (6). In contrast, accessory
pathways located in the posteroseptal area have been suc-
cessfully interrupted by shocks delivered just outside the os
of the coronary sinus (4,8, 10). Approximately 25% of Kent
accessory pathways are located in the right free wall (20).
Although there have been preliminary reports (7,12) of at-
tempts at catheter ablation of right free wall pathways in
humans, an analysis of the effects of catheter electrocoa-
gulation near the tricuspid anulus in an animal model has
not been reported.
Using a dog model, we sought to develop a technique
to safely produce a transmural lesion of the right atrial free
wall near the tricuspid anulus, which might be adaptable to
interrupting right-sided accessory pathways in humans. In
addition, specific objectives included analysis of the value
of endocardial clcctrograrns in accurately positioning the
catheter relative to the anulus, as well as assessing the risk
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of tricuspid valve damage, right coronary artery injury or
right atrial free wall perforation with the technique.
Methods
Experimental protocol. Nine adult mongrel dogs
(weighing 25.2 ± 3.8 kg) were anesthetized with pento-
barbital and intubated for ventilatory support. Using the
Seldinger technique, a 6F sheath (Cordis Corporation) was
placed in the right internal jugular vein and right femoral
vein. Pressures were recorded from the right atrium and
right ventricle using a 5F NIH catheter. This catheter was
then replaced with a 6F quadripolar electrode catheter with
3 mm electrodes separated by I em (USCI). To determine
vulnerability for inducible ventricular arrhythmias caused
by the shocks, we then performed programmed ventricular
stimulation at the right ventricular apex before and 7 to 10
days after the shock in the eight dogs receiving a shock of
2:200 J. The stimulation protocol consisted of the intro-
duction of one, two and finally three ventricular extrastimuli
after a ventricular drive of eight beats at a cycle length of
400 ms or less (if required to consistently capture the ven-
tricle during sinus tachycardia) using a current strength twice
the diastolic threshold (not exceeding 2 rnA) and a pulse
duration of 2 ms (21).
After programmed stimulation, a second electrode cath-
eter was positioned through the right internal jugular vein
at selected sites on the tricuspid anulus as determined by
biplane fluoroscopy. Selected annular sites were at the an-
teromedial, anterolateral or posterolateral areas of the right
atrium (Table I). To ensure adequate electrode-endocardial
wall contact, the preshock atrial pacing threshold was de-
termined at each site. To determine the value of endocardial
electrograms in positioning the catheter on the tricuspid
anulus, the amplitudes of atrial and ventricular electrograms
were recorded from distal electrodes (bipolar, band pass
filter settings of 30 to 500 Hz), and the ratio of the amplitude
of the atrial and ventricular electrograms (AN ratio) was
calculated. Attempts were made to position the catheter so
that the recorded AN ratio was near 1.0 and the atrial pacing
threshold was the lowest possible before delivering the shocks.
Delivery of electric shocks. The nine dogs received a
total of 24 shocks (Table 1). Six dogs received a single
shock at each of two or three different sites. Shocks were
delivered near the tricuspid anulus at energies from 50 to
300 J. Three dogs also received duplicate 200 J discharges
at the same location without moving the catheter. All shocks
were delivered between the distal pole of the electrode cath-
eter (cathode) and a 12 em? patch (R-2 Corporation) was
placed on the chest wall (anode), using a direct current
defibrillator (Lifepak-6, Physio-Control). Because of the
possibility that placement of the chest wall patch may affect
the vector of destructive energy, the patch was moved for
each shock to position the intended area of ablation between
Table 1. Acute Effects and Examination of Lesion After the Shock in Nine Dogs
Center of Lower Edge Transmural
Lesion Tricuspid Lesion to of Lesion Necrosis at
Area Valve Anulus to Anulus Transmural Tricuspid
(mrn') Involvement* (mm) (mm) Necrosis Anulus
Energy
Dog Delivered AN Pacing
No. Site (1) Ratio Threshold Acute Effects
AL 200 1.08 0.6 VF; AVB (30 min)
AM 50 3.20 0.7 VT (10 s); AVB (15 min)
2 PM 50 0.75 0.3 VT (3 s)
AL 50 1.02 0.7 VT (3 s)
AM 50 6.17 1.0
3 PM 50 0.62 0.2 VT (3 s)
AL 100 1.00 0.9 AVB (30 s)
AM 200 1.24 1.5 AVB (10 min)
4 AL 50 1.30 1.0 VT (II s)
AM 100 0.90 5.4 VT (9 s); AVB (10 min)
PM 200 4.00 0.3 AVB (35 s)
5 AL 200 1.42 0.7 VT (12 s); AVB (20 s)
PM 300 3.20 1.8 AVB (>1 hr)
6 PM 200 1.72 1.3 AVB (3 min)
AL 300 1.18 1.0 AVB (7 min)
7 PM 300 1.36 0.9 VT (3 s); AVB (20 min)
AL 200 X 2 1.25 1.2 VT (25 s); AVB (> I hr)
8 AL 200 x 2 1.15 1.7 AVB (5 min)
AM 300 1.03 1.7 VT (13 s); AVB (28 min)
9 AL 200 x 2 1.02 0.6 VT (4 s); AVB (3 min)
AM 300 1.33 3.6 VT (45 s); AVB (> I hr)
154 +
33
38 + + +
95 +
44
13 + + +
28
38
57
20 + +
188
104
24
95
188 +
254
133
24 +
13
314
3
0 -5 + +
18 15 +
-10 -15
-I -4 + +
10 6
-10 -12 + +
2 0 + +
3 0 + +
3 -I + +
-4 -7 + +
6 0 +
3 -2 + +
8 6 + +
6 0
0 -7 + +
5 0 + +
0 -7 + +
0 -2 + +
0 -2 + +
0 -4 + +
0 0 + +
*Indicates that the tricuspid valve was involved, ranging from mild discoloration (+) to a raised lesion (+ + +). AL = anterolateral; AM
anteromedial; AVB = atrioventricular block; AN ratio = ratio of amplitudes of atrial and ventricular electrograms; PM = posteromedial; VF =
ventricular fibrillation; VT = ventricular tachycardia.
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the electrode catheter and anode. For anteromedial shocks,
the patch was positioned to the left of the sternum, for
anterolateral shocks to the right of the sternum and for
posteromedial shocks over the right scapular area. The sur-
face electrocardiogram (ECG) was recorded continuously
until the rhythm stabilized. If atrioventricular (AV) block
occurred, the ventricle was paced until conduction returned
or until the escape rhythm stabilized. Atropine (I to 2 mg)
was administered intravenously after nine shocks in seven
dogs, when AV block persisted for more than 10 minutes.
At least 20 minutes were allowed between shocks in the
same dog. No formal determination of interelectrode re-
sistance of the catheter was made between discharges in the
same dog. When discharges resulted in failure of the catheter
to pace or record the electrograms, the catheter was re-
placed.
Pathologic examination. After 7 to 10 days, the dogs
were reanesthetized with pentobarbital (20 to 30 mg) and
venous access was obtained. In dogs receiving shocks >200
J, a 6F USCI quadripolar catheter was placed in the right
ventricular apex and programmed ventricular stimulation
was repeated. To assess right heart function and detect tri-
cuspid insufficiency, pressures from the right atrium and
right ventricle were obtained and a right ventriculogramwas
performed. The dog was then killed and the heart removed.
Initially, gross and histologic inspection of the heart was
performed. The endocardial size of each visible endocardial
lesion was measured vertically and horizontally at perpen-
dicular diameters. The lesions were generally circular so
that the area of the lesion was estimated by 1n2, with r
being the averaged radius of the lesion. Two measurements
were used to localize the lesion relative to the tricuspid
anulus-the distance from the center of the lesion to the
top of the anulus, and the distance of the lowest extent of
the lesion to the top of the anulus. The top of the anulus
was considered "zero." For lesions above the anulus, the
measured distance from the center or lowest extent was
considered positive. Conversely, distances below the anulus
were judged as negative.
For histologic examination. transmural tissue blocks en-
compassing each lesion were cut to include the summit of
the ventricle, the tricuspid valve and any coronary vessel
located in the epicardial sulcus fat. Sections for histologic
examination were taken from the center of the lesions and
fixed and stained with hematoxylin and eosin. During mi-
croscopic examination, attention was directed to the depth
of the lesion at its center (that is, transmural or nontrans-
mural), the depth of the lesion at the anulus, ventricular
involvement and injury surrounding or involving the right
coronary artery.
Data analysis. Statistical analysis of the measured vari-
ables between groups was done by the paired Student's t
test, and comparison of observed frequencies by Fisher's
exact test, as appropriate. Unpaired group means were com-
pared using one-way analysis of variance. In each case, a
probability (p) value <0.05 was considered significant. All
values are expressed as mean values ± standard deviation.
Correlations between lesion size and delivered energy and
between lesion location and AN ratio were determined by
linear regression analysis.
Results
Acute effects (Table 1). There were no deaths or ob-
vious hemodynamic deterioration as a result of the shocks.
The acute arrhythmic effects varied with the energy deliv-
ered and the location of the shock. One dog developed
ventricular fibrillation after a 200 J shock and the heart was
easily defibrillated by chest wall countershock. Brief « 15
seconds) periods of unsustained ventricular tachycardia fol-
Figure I. Dog 4. Photograph of the lesion (arrow) produced by
a 50 J discharge in the anterolateral right atrium. The center of
the lesion is 3 mm above the top of the tricuspid anulus (TA). The
lesionconsists of a central hemorrhagicarea surrounded by a raised
induratedcollar. The tricuspid valve leaflet(TV) was not involved.
On histologic examination, this lesion showed transmural damage
at the level of the anulus.
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lowed 13 (62%) of the 21 shocks. Shocks of higher energy
(2:: 200 J) consistently produced periods of complete AV
block uniformly associated with wide QRS complexes that
did not accelerate with atropine. Prolonged AV block (2:: 10
minutes) occurred significantly more often with anterorne-
dial discharges (5 [83%1 of 6) than with anterolateral shocks
(2 [22%I of 9) (p < 0.05). Normal AV conductionresumed
within60 minutes in six of the nine dogs in which AV block
occurred. Three dogs were caged after hemodynamically
stable AV block had been present for 2:: I hour. and block
had resolved by 7 to 10 days after shock. Thus. permanent
AV block did not occur in any dog. No atrial arrhythmias
were seen acutely or at the time of repeat study.
There was no significant difference in mean right atrial
(4 ± 1.5 mm Hg) or mean right ventricular systolic (29 ±
5.8 mm Hg) or diastolic (3 ± 1.7 mm Hg) pressuresbefore
or after shock (4 ± 0.8. 29 ± 5.9 and 4 ± 1.3, respec-
tively). No dog developed right ventricular pressures > 35
mm Hg or right atrial pressures > 8 mm Hg, and right
ventriculograms revealed no significant tricuspid regurgi-
tation. Sustained ventricular arrhythmia was not inducible
before or after the shocks; programmed ventricular stimu-
lation producedno morethan two nondrivenrepetitive beats.
Gross inspection. There was no evidence of perforation
or pericardial reaction from the electrical discharge in any
Figure 2. Dog 5. Lesion (arrow) caused by a single 200 J dis-
charge in the anterolateral right atrium. The area of the lesion is
104 mnr' and it is centered 3 mm above the tricuspid anulus (TA).
The lesion has a hemorrhagic center that conta ins some friable
tissue . TV "" tricuspid valve.
dog. The discrete lesions produced by the shock consisted
of a central hemorrhagic area surrounded by a circular. pale,
indurated collar (Fig. I and 2). The dimensions and areas
of the visible endocardial lesions are listed in Table I.
We measured preshock atrial pacing thresholds as an
index of electrode-endocardial wall contact . When these
thresholds were less than 1.5 rnA , the area of theendocardial
lesion correlated with discharge energy (r == 0.78 . p <
0.00I). For lesions produced when stimulation thresholds
were less than 1.5 rnA. the mean endocardial lesion area
for each dischargeenergy was 62 ± 40 mm?for 50 J shocks.
135 ± 44 mrrr' for 200 J shocks. 214 ± 142 mm" for 300
J shocks and 221 ± 47 mrrr' for 200 X 2 J shocks (Fig.
3). The area for the single 100 J shock with a low pacing
threshold was 28 mrrr'. When shocks were delivered with
the pacing threshold higher than 1.5 rnA, the lesions were
significantly smaller. For example. the 300 J shock in Dog
9 (pacing threshold 3.6 rnA) produced only a slight endo-
cardial discoloration.
The distance from the center of the lesion to the top of
the tricuspid anulus correlated with the AIY electrogram
ratio (r == 0.69, p < 0.001) (Fig. 4). An AIY ratio between
1.00 and 1.50 ensured that the center of the lesion was at
or within 5 mm of the upper tricuspid annular border. When
the AIY ratioexceeded 1.50, the lesions were locatedhigher
in the atrium (mean 10 ± 5 mm above the annular border)
and tended not to involve the tricuspid anulus. Conversely,
an AIY ratio < 1.00 was associated with lesions on the
anulus, tricuspid leaflet or the ventricle. Even though mild
Figure 3. Graph of lesion area (rnrn-) plotted against the cumu-
lative delivered energy (J). When the preshock atrial pacing thresh -
old was less than 1.5 rnA (closed circles) , the lesion area correlated
with the delivered energy (r "" 0 .78, P < 0.001) . When the pacing
threshold was greater than 1.5 rnA (open circles), indicating poor
catheter-endocardial wall contact. little or no damage was seen.
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Figure4. The distance of the center of the lesion from the top of
the tricuspid anulus correlates with the ratio of the amplitude of
the preshock atrial and ventricular electrograms (AN ratio). De-
livering a shock when the AN ratio was 1.0 to 1.5 ensured that
there was transmural necrosis at the anulus. Shocks delivered when
the ratio was < 1.0 produced lesions in the ventricle or on the
tricuspid valve.
discoloration of a tricuspid valve leaflet was frequently ob-
served when shocks were delivered at sites with an AN
ratio < I,00, significanttricuspidregurgitationwas not seen.
Histologic examination (Table 1). Histologically, the
lesion consisted of a central area of hemorrhage and a sur-
rounding region of necrosis with early scarring and periph-
eral inflammation (Fig. 5 and 6). Seventeen (81%) of the
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21 lesions weretransmural; similarly, 71 % of lesions produced
transmural necrosisat the tricuspidanulus. Transmuraldam-
age at the anulus was not produced when lesions were far
removed from the anulus or had poor preablation pacing
thresholds. Regardless of magnitude, all shocks associated
with an AN ratio between 1.00 and 1.50 and a pacing
threshold < I.5 rnA produced transmural atrial necrosis at
the anulus. The ventricular myocardium adjacent to the tri-
cuspid anulus and the base of the tricuspid valve were vari-
able involved with inflammation or frank necrosis, or both.
Fifteen (71%) of the 21 lesions were adjacent to a right
coronary artery. Inflammation and various degrees of ne-
crosis in fat surrounding the artery were seen in 10 (67%)
of the lesions, but inflammatory reactions involvedthe coro-
nary arterial wall in only 3 (20%) of the 15 lesions. Spe-
cifically, one 200 J discharge produced mild adventitial
inflammation of the coronary artery (Fig. 7), whereas a
single 200 J shock in another dog caused mild adventitial
inflammation of a branch of the right coronary artery. A
200 J shock delivered twice (cumulative energy, 400 1) at
an anterolateral site produced marked medial inflammation
of the right coronary artery (Fig. 8). No intimal involvement
was seen with any lesion. There was no evidence of myo-
cardial infarction in the distribution of the right coronary
artery in any dog. Coronary venous thrombosis was seen in
one site after one 200 J discharge.
Discussion
Using direct current discharges delivered through a per-
cutaneously positioned electrode catheter in dogs, we were
able to consistently produce transmural at the level of the
Figure5. Dog 4. Photomicrograph of
a cross section through the lesion caused
by a 100 J shock in the anteromedial
right atrium. The lesion consists of a
central area of hemorrhagic necrosis
(Nee) surrounded by inflammatory
cellular infiltrates (lnf). The summit
of the ventricle (V) and the base of the
tricuspid valve (TV) are involved. The
fat in the coronary sulcus is also ne-
crosed. Transmural necrosis at the level
of the tricuspid anulus is obvious. (He-
matoxylin-eosin stain; original mag-
nification x 12.5, reduced by 27%.)
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Figure 6. Dog 9. Photomicrograph of
a cross section through the lesion caused
by a cumulative shock of 400 J in the
anterolateral right atrium. Extensive
hemorrhagic necrosis (Nee) and inflam-
mation (lnf) are seen. A large amount
of both the top of the ventricle (V) and
the base of the tricuspid valve (TV) is
involved. Although the coronary sulcus
fat is affected, the coronary artery (CA)
is not. (Hematoxylin-eosin stain; orig-
inal magnification x 12.5, reduced by
27%.)
tricuspid anulus right atrial lesions that may prove effective
in permanently disrupting right-sided accessory pathways
in humans. Althoughthis was accomplished withoutcausing
detectable hemodynamic deterioration or creating a spon-
taneous latent or inducible arrhythmogenic focus. higher
energy discharges tended to cause areas of inflammation in
the outer wall of the adjacent coronary artery.
Anatomy of right-sided accessory pathways. The type
of lesion that might interrupt anomalous atrioventricular
connections is based on the known anatomy of accessory
pathways. Knowledge of this anatomyhas been gained through
a small number of autopsy studies (22-25) and extensive
surgical experience (26-29). Typically. a single atrial in-
sertion point is located near the top of the anulus. Right and
, .
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Figure 7. Dog 5. Photomicrograph of a
cross section through the right coronary
artery after a 200 J shock in the antero-
lateral right atrium. The endocardiumsite
is to the left, the pericardium is to the
right. Inflammation and necrosis of the
fat surrounding the artery, particularly near
the site of the shock, are seen. Cellular
infiltrates consisting of polymorphonu-
clear and mononuclear cells involving the
adventitia of the artery (arrow) are seen.
(Hematoxylin-eosin stain; original mag-
nification x 64, reduced by 20%.)
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Figure8. Cross section through the coronary artery near the site
of shockswith a cumulative energyof 400J. The sideof theartery
near the shock source (left) is inflamed. Although the intima re-
mains intact (arrow), inflammation of the media is extensive.
(Hematoxylin-eosin stain;original magnification x 64. reduced by
27%.)
left free wall accessory pathways then appear to traverse
the AV junction differently (25). Right-sided accessory
pathways tend to cross through an area where the tricuspid
anulus fi brosis is deficient. These pathways are, therefore,
relatively close to the subendocardium, with only a small
amount of coronary sulcus fat intervening (25). Left-sided
pathways tend to traverse a well formed anulus through the
epicardial fat and can be situated well away from the anulus.
Surgical division of pathways is most often successful when
incisions extend at least I cm on either side of the pathway
as determined by epicardial mapping (28).
With this in mind, characteristics of the ideal lesion for
interrupting right-sided anomalous connections can be pos-
tulated. A right accessory pathway could be vulnerable at
its atrial insertion site ( I I) or as it crosses the AV anulus.
An acceptable lesion would create limited transmural atrial
injury at or above the tricuspid anuJus without damage to
the coronary vessels.
Technique. We found that accurate lesion placement at
the top of the tricuspid anulus was predicted by the ratio of
the amplitude of the atrial and ventricular electrograms (AN
~ ' .. . ..
' "
( .
...
ratio). Although the number of shocks in this series was
small, an AN ratio < 1.00 was usually associated with a
lesion on the tricuspid valve or adjacent ventricular muscle.
On the other hand, shocks delivered when the AN ratio
was > 1.50 caused atrial injury without consistent annular
involvement. An AN ratio between 1.00 and 1.50 con-
sistently placed the lesion center within 5 mm of the upper
annular edge, and there was transmural necrosis at the anulus
when the pacing threshold was < 1.5 rnA.
The area of the endocardial involvement depended not
only on the energy delivered, but also on attaining a pacing
threshold < 1.5 rnA. Shocks delivered from positions where
pacing thresholds exceeded 1.5 rnAtended to produce smaller,
more superfi cial lesions, possibly reflecting poor e1ectrode-
endocardial wall contact and subsequent dissipation of dis-
charge energy in blood. We chose to use the atrial pacing
threshold as a measure of the adequacy of electrode-endo-
cardial wall contact. Evidence of wall contact may have
also been achieved by examining unfiltered electrograms
from the distal pole for a " current of injury," but this was
not done.
Strong direct current shocks may cause insulative break-
down of the electrode catheter, thus affecting delivered en-
ergy for the fi rst and subsequent shocks. In spite of this,
our data suggest that transmural necrosis was best related
to endocardial threshold measurements as well as the atrial
and ventricular electrogram amplitudes. Large lesions might
be expected to be more successful in disrupting anomalous
connections. On the other hand, we found that larger lesions
were more frequently associated with involvement of the
tricuspid valve or a coronary artery. Lower discharge ener-
gies (perhaps as low as 50 J) may prove suitable for catheter
ablation of accessory pathways if catheter positioning is
precise. Ideally, recordings of accessory pathway potentials
(3,30) may enhance precise catheter placement.
Adverse consequences. There were no instances of car-
diac perforation or evidence of pericarditis. Although un-
sustained ventricular tachycardia was common after the dis-
charge, latent vulnerability to ventricular arrhythmias as
assessed by programmed ventricular stimulation 7 to 10 days
after shock was not seen. Cardiac catheterization before
induced death did not show tricuspid regurgitation or right
heart decompensation. We found no intimal damage of coro-
nary arteries, although adventitial infl ammation was seen in
two dogs with 200 J shocks and medial inflammation was
seen in a third dog receiving two 200 J shocks.
The recent report by Hartzler et aJ. (12) of right coronary
artery vasospasm after an attempted ablation of a right free
wall accessory pathway is of concern. In our study, right
coronary angiograms were not obtained, so the possibility
of vasospasm immediately after the discharge was not as-
sessed. However, there was no ECG evidence of ischemia,
clinical suggestion of hemodynamic deterioration or patho-
logic evidence of myocardial damage in the right coronary
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artery distribution in any dog. The spasm observed by Hart-
zler et al. (12) may have been related to the high energies
used (cumulative dose, 650 J).
The possible long-term consequences of these shocks are
not known. Conceivably, the inflammation and limited areas
of ventricular necrosis observed in some animals might ul-
timately become arrhythmogenic. Similarly, the small area
of discoloration of the tricuspid valve observed with some
shocks that were delivered inadvertently lower than the tri-
cuspid anulus might cause enough scarring to become a
nidus for endocarditis. Although possible, the evidence to
date suggests that these adverse consequences are unlikely
(3-12). Potential effects on the coronary vessels are more
worrisome. The adventitial and medial inflammation seen
with higher energy discharges in 3 of the 21 sites in this
study may progress, with time, to significant coronary le-
sions. For this reason, it would appear prudent to use the
lowest possible effective energy during ablation attempts
and to avoid areas adjacent to the coronary artery.
Although transient AV block developed in five of six an-
teromedial discharges and two ofnine anterolateral shocks,
permanent heart block did not occur and there were no
grossly visible lesions near the AV node-His axis. The AV
block would appear to be a temporary effect that may be
associated with massive current flows causing transient dis-
ruption of transmembrane voltage gradients in resting mem-
branes (31,32), or with barotrauma from the shock waves
generated by the catheter discharge (II). For example, tem-
porary interruption of AV conduction has been found to be
common after ablation of posteroseptal accessory pathways
(10). When AV conduction was assessed in the follow-up
of these patients, it was found to be normal. Nevertheless,
discharges near the anteroseptal right atrium should prob-
ably be avoided.
Limitations of the study. One possible limitation of the
study was the relatively small number of animals examined.
It is conceivable that the full spectrum of complications that
might result from high energy discharges near the tricuspid
anulus was not uncovered by analyzing the results of the
24 shocks reported here, and that other complications might
become manifest by studying a larger number of dogs. The
risk of complications appears to be related to the amount
of energy delivered. It is noteworthy that transmural necrosis
at the annular level occurred even with shocks as low as 50
J when these were delivered strategically. Whether even
lower energy shocks could also produce the desired lesion
was not explored.
Similarly, programmed ventricular stimulation may not
reveal all possible arrhythmogenic complications of the
ablation procedure. Continuous rhythm monitoring after the
shock up to the time of induced death would have been of
interest, but was not believed to be feasible.
Finally, it is recognized that the extent of ablation damage
as well as potential complications in the dog model may
differ from that in humans. Until further clinical and patho-
logic examination of patients who have undergone ablation
are performed, this issue will remain unresolved.
Conclusion. The ideal catheter ablation technique for
disruption of right free wall accessory pathways should
produce circumscribed transmural atrial necrosis at the level
of the anulus. The desired lesion was consistently produced
in the dog atrium when the ratio of the atrial and ventricular
electrograms was between I and 1.5, and when the atrial
pacing threshold was < 1.5 mAo Delivery of stored energy
from 50 to 200 J was not associated with tricuspid regur-
gitation, evidence of right heart failure or inducible ven-
tricular arrhythmias. Because discharges of high energies
occasionally produce inflammation of the coronary artery
adventitia and media, such high energies should be avoided
in ablative attempts and areas immediately adjacent to the
right coronary artery should be avoided.
We gratefully acknowledge the technical assistance of Michael Chin, BS
and the secretarial expertise of Carol Inaga and Glenda Rhodes.
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